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(57) Abstract 



Method for manufacturing a photovoltaic element comprising a layered structure of at least a first electrically conductive layer, a 
layer of crystalline metal oxide semiconductor material deposited thereon, a second electrically conductive layer and an electrolytic liquid 
between the layer of semiconductor material and the second electrically conductive layer, wherein at least one of the electrically conductive 
layers is transparent and is deposited on a transparent substrate, comprising of (i) providing a layer of crystalline metal oxide semiconductor 
material on a first electrically conductive layer and providing an electrically conductive layer; (ii) arranging an edge zone of a thermoplastic 
adhesive material round the deposited layer of semiconductor material; (hi) arranging the second respectively the first electrically conductive 
layer over said edge zone; (iv) locally heating at least a first part of the edge zone and simultaneously exerting pressure locally on the 
surface of this first part to cause the adhesive to. adhere to the first and second conductive layer in order to form a partially bounded space; 
(v) introducing an electrolytic liquid into said space, wherein the second electrically conductive layer is spatially separated by this liquid 
from the layer of semiconductor material; and (vi) locally heating the remaining part of the edge zone not yet heated in the fourth step 
and simultaneously exerting pressure locally on the surface of this remaining part to cause the adhesive to adhere to the first and second 
conductive layer and to enclose the liquid. 
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METHOD FOR MANUFACTURING A PHOTOVOLTAIC ELEMENT CONTAINING A LIQUID ELECTROLYTE 
AND PHOTOVOLTAIC ELEMENT ACCORDING TO THIS METHOD 

The invention relates to a method for manufacturing a 
photovoltaic element comprising a layered structure of at 
least a first electrically conductive layer, a layer of 
crystalline metal oxide semiconductor material deposited on 
5 the first electrically conductive layer, a second 

electrically conductive layer, and an electrolytic liquid 
contained between the layer of semiconductor material and 
the second electrically conductive layer, wherein at least 
one of the electrically conductive layers is transparent and 
10 is deposited on a transparent substrate, which method 
comprises the steps of 

(i) providing a layer of crystalline metal oxide 
semiconductor material deposited on a first electrically 
conductive layer and providing an electrically conductive 

15 layer, 

(ii) arranging on the first conductive layer or second 
conductive layer a thermoplastic adhesive material in a form 
such that this provides an edge zone bounding the deposited 
layer of semiconductor material in peripheral direction, and 

20 (iii) arranging the second respectively the first 

electrically conductive layer over said edge zone, wherein 
the adhesive material on this edge zone and the layer of 
semiconductor material bounded thereby are received between 
the first and the second electrically conductive layer. 

25 Such a method is particularly important for 

manufacturing so-called and per se known dye-sensitized 
titanium dioxide solar cells. In these solar cells the 
photoelectrode is for instance formed by a photoactive layer 
of nanocrystalline titanium dioxide, provided with an 

30 organic dye-sensitizer , deposited on a transparent first 
conductive coating layer on a first glass substrate. The 
counter-electrode is for instance formed by a second glass 
substrate provided with a second conductive coating. The 
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first and second glass substrate are mutually connected 
using a suitable adhesive, wherein a space filled with an 
electrolytic liquid is formed between the titanium dioxide 
layer and the second glass substrate. Also known are dye- 
5 sensitized titanium dioxide solar cells in which, instead of 
glass substrates, substrates of a polymer foil are used 
whereby a flexible solar cell is obtained. 

Known from the international patent application WO 
97/15959 is a method for manufacturing a photovoltaic cell, 

10 which cell comprises a working electrode and a counter- 
electrode which are formed on flexible polymer substrates. 
The working electrode comprises an electrically conductive 
foil, a semiconductor material and an electrolyte. The 
counter-electrode consists of a flexible substrate, a 

15 catalyst and a sealing frame. 

According to this known method the working electrode 
and the counter- electrode are made on ribbons of a suitable 
polymer, wherein sealing frames of a thermoplastic adhesive 
are arranged on one of these ribbons. These ribbons are 

20 guided between two heated pressure rollers, above which is 
disposed a dispensing device which supplies an ovemeasure 
of electrolyte which is collected in the space bounded by 
the two ribbons in the pressure rollers. During the contact 
with the pressure rollers the sealing frames melt and 

25 electrolyte is enclosed in spaces bounded in each case by a 
working electrode on the one ribbon and a corresponding 
counter-electrode on the other ribbon and by the sealing 
frames with which both ribbons are mutually adhered. 

The known method has the drawback that in order to seal 

30 the photovoltaic cell the entire surface thereof is heated, 
which may have an adverse effect on the performance of this 
cell, particularly in the case of a cell in which an organic 
dye-sensitizer is also arranged on the working electrode or 
when the second electrically conductive layer is provided 

35 with a catalyst which must enhance the transfer of charge 
carriers between electrolyte and second electrical 
conductor. Heating of an organic dye-sensitizer or a 
catalyst can result in modification of these substances and 
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therefore in a reduction of the activity, intended with these 
substances. 

Another drawback of sealing a photovoltaic cell 
according to the known method is a result of fall out of the 
5 pressure on the layered structure of the cell when the two 
mutually adhered ribbons with the working electrode and 
counter-electrode arranged thereon are driven from the 
pressure rollers, at which moment the heated electrolyte 
between the two electrodes causes an overpressure in the 

10 interior of the cell and therewith a stress on the sealing 
edges of the cell. 

Another drawback of the known method of sealing a 
photovoltaic cell is that this method is unsuitable for 
sealing a cell of which the structure comprises at least one 

15 non-flexible layer: such a non-flexible layer is not 

resistant to the transport between two pressure rollers. ' 

It is an object of the invention to propose a method 
for sealing a photovoltaic element which has no adverse 
effect on the intended performance of this element, which 

2 0 causes no overpressure in. the interior of this element and 
which is suitable for sealing a photovoltaic element of 
which the structure comprises at least one non-flexible 
layer. 

These objectives are achieved and other advantages 
25 realized with a method of the type specified in the 

preamble, which method is characterized according to the 
invention by the successive steps of 

(iv) locally heating at least a first part of the edge 
zone and simultaneously exerting pressure locally on the 
30 surface of this first part to cause the adhesive to adhere 
there to the first and second conductive layer in order to 
form a space partially bounded by the layer of semiconductor 
material, the first part of the edge zone and the second 
electrically conductive layer, 
35 (v) introducing an electrolytic liquid into the 

partially bounded space in a quantity such that the second 
electrically conductive layer is spatially separated by this 
liquid from the layer of semiconductor material, and 



WO 99/66519 



PCT/NL99/00370 



(vi) locally heating the remaining part of the edge 
zone not yet heated in the fourth step (iv) and 
simultaneously exerting pressure locally on the surface of 
this remaining part to cause the adhesive to adhere there to 
5 the first and second conductive layer and to enclose the 
liquid in a space which is wholly bounded by the layer of 
semiconductor material, the edge zone and the second 
electrically conductive layer. 

In the fourth step (iv) of the method according to the 

10 invention two layers with respectively a working electrode 
and a counter-electrode are partially connected to each 
other along a first part of an edge zone which encloses the 
layer of semiconductor material in a manner such that a 
space is formed for receiving an electrolyte therein. In the 

15 fifth step (v) of the method this electrolyte is 

subsequently received in said space, whereafter in the sixth 
step (vi) said space is completely closed by connecting the 
two layers along the remaining part of the edge zone. 

Because the edge zone is heated locally, the material 

20 of the active part of the photovoltaic cell is not heated, 
so that this material does not degrade and the intended 
performance thereof is not reduced, while no internal 
pressure is built up in the cell either, so that formed 
sealing edges can cool in stress-free manner. 

25 With a suitably chosen thermoplastic adhesive it is 

possible to make a moisture-proof and airtight sealing edge 
in a part of a photovoltaic cell wetted by electrolyte by 
displacing the electrolyte by exerting pressure and to 
locally effect a good adhesion between the parts of the cell 

30 for connecting by increasing the temperature. In an 

advantageous embodiment of the method according to the 
invention the fifth step (v) and the sixth step (vi) are 
therefore performed simultaneously, so that the production 
time for a cell can be shortened and the production cost 

35 reduced accordingly. 

• Sealing of a solar cell by local heating of at least a 
part of an edge zone can also be applied according to the 
invention in a solar cell wherein the electrolytic liquid 
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has such a high viscosity that the liquid is applied as a 
layer of an electrolytic medium on a layer of semiconductor 
material . 

The invention therefore further relates to a method for 
5 manufacturing a photovoltaic element comprising a layered 
structure of at least a first electrically conductive layer, 
a layer of crystalline metal oxide semiconductor material 
deposited on the first electrically conductive layer, a 
second electrically conductive layer and an electrolytic 

10 medium contained between the layer of semiconductor material 
and the second electrically conductive layer, wherein at 
least one of the electrically conductive layers is 
transparent and is deposited on a transparent substrate, 
which method comprises the steps of 

15 (i) providing a layer of crystalline metal oxide 

semiconductor material deposited on a first electrically 
conductive layer, on which layer of semiconductor material a 
layer of an electrolytic medium is arranged, and providing a 
second electrically conductive layer, 

20 (ii) arranging on the first conductive layer or second 

conductive layer a thermoplastic adhesive material in a form 
such that this provides an edge zone which bounds in 
peripheral direction the deposited layer of semiconductor 
material and the electrolytic medium arranged thereon, and 

25 (iii) arranging the second respectively the first 

electrically conductive layer over said edge zone, wherein 
the adhesive material on this edge zone and the layer of 
semiconductor material bounded thereby and the electrolytic 
medium arranged thereon are received between the first and 

3 0 the second electrically conductive layer, which method is 
characterized by the step of 

(iv) locally heating the edge zone and simultaneously 
exerting pressure locally on the surface of -this edge zone 
to cause the adhesive to adhere there to the first and 

35 second conductive layer for enclosing the electrolytic 

medium in a space which is wholly bounded by the layer of 
semiconductor material (14), the edge zone (3') and the 
second electrically conductive layer (18, 27) . 
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Sealing of a solar cell by local heating of at least a 
part of an edge zone can also be applied according to the 
invention in a solar cell wherein the electrolytic liquid 
has such a high viscosity that the liquid is applied as a 
5 layer of an electrolytic medium on a layer of semiconductor 
material . 

Sealing of a solar cell by local heating of at least a 
part of an edge zone can also be applied according to the 
invention in a solar cell wherein the electrolytic liquid is 

10 received in a layer of semiconductor material. 

The invention therefore further relates to a method for 
manufacturing a photovoltaic element comprising a layered 
structure of at least a first electrically conductive layer, 
a layer of crystalline metal oxide semiconductor material 

15 deposited on the first electrically conductive layer, a 
second electrically conductive layer, and an electrolytic 
medium received in the layer of semiconductor material, 
wherein at least one of the electrically conductive layers 
is transparent and is deposited on a transparent substrate, 

2 0 which method comprises the steps of 

(i) providing a layer of crystalline metal oxide 
semiconductor material deposited on a first electrically 
conductive layer, in which layer of semiconductor material 
an electrolytic medium is received, and providing a second 

25 electrically conductive layer, 

(ii) arranging on the first conductive layer or second 
conductive layer a thermoplastic adhesive material in a form 
such that this provides an edge zone which bounds in 
peripheral direction the deposited layer of semiconductor 

3 0 material and the electrolytic medium received therein, and 

(iii) arranging the second respectively the first 
electrically conductive layer over said edge zone,, wherein 
the adhesive material on this edge zone and the layer of 
semiconductor material bounded thereby and the electrolytic 

35 medium received therein are received between the first and 
the. second electrically conductive layer, which method is 
characterized by the step of 
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(iv) heating the edge zone locally and simultaneously 
exerting pressure locally on the surface of this edge zone 
to cause the adhesive to adhere there to the first and 
second conductive layer for enclosing the layer of 
5 semiconductor material and the electrolytic medium received 
therein in a space which is wholly bounded by the first 
electrically conductive layer, the edge zone and the second 
electrically conductive layer. 

The thermoplastic adhesive material for applying in the 
10 second step (ii) is for instance a foil of a thermoplastic 
polymer material in a form corresponding with that of the 
edge zone . 

In yet another embodiment the local heating in the 
fourth (iv) and sixth (vi) step is performed using a 
15 stamping device provided with a temperature control. 

An example of such a stamping device is an apparatus 
commercially available under the name thermode, the most 
important component of which is a metal stamp which can be 
lowered onto a surface with a precisely controlled pressure, 
20 and the temperature of which is precisely controllable. 

The invention further relates to photovoltaic elements 
manufactured according to the above described method. 

In an embodiment of a photovoltaic element according to 
the invention, the at least one transparent electrically 
25 conductive layer is deposited on a foil of transparent 
plastic material. 

Because the method according to the invention is not 
limited to the manufacture of photovoltaic, cells with a 
layered structure of exclusively flexible layers, in another 
3 0 embodiment of a photovoltaic element according to the 
invention the at least one transparent electrically 
conductive layer is deposited on a glass substrate. 

In yet another embodiment of a photovoltaic element 
according to the invention, the layer of semiconductor 
35 material is deposited on a transparent substrate and the 
second electrically conductive layer is a metal layer, for 
instance a thin metal foil . 
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In a -subsequent embodiment of a photovoltaic element 
according to the invention, the layer of semiconductor 
material is deposited on a metal substrate, for instance 
substantially a zinc foil or a titanium foil, and the second 
5 electrically conductive layer is transparent and is 
deposited on a transparent substrate. 

In yet another embodiment of a photovoltaic embodiment 
according to the invention, the transparent substrate 
comprises a foil of plastic material. 
10 The invention will now be elucidated hereinbelow on the 

basis of embodiments and with reference to the annexed 
drawings . 

In the drawings : 

Fig. 1-4 show a schematic representation of the 
15 successive steps in a method for manufacturing a solar cell 
according to the invention, 

Fig. 5 shows a top view of a few solar cells according 
to the invention arranged on a ribbon- like substrate in a 
phase prior to enclosing of the electrolytic liquid in the 
20 separate cells, 

Fig. 6 is a perspective view of a thermode placed on a 
substrate with solar cells for sealing these cells, 

Fig. 7 shows a graphic representation of the 
temperature and the pressure force of the thermode shown in 
25 Fig. 6 as a function of time during the sealing of a solar 
cell, 

Fig. 8 shows in cross-section a first embodiment of a 
solar cell manufactured according to the invented method, 

Fig. 9 shows in cross -section a second embodiment of a 
30 solar cell manufactured according to the invented method, 

Fig. 10 shows in cross -section a third embodiment of a 
solar cell manufactured according to the invented method, 

Fig. 11 shows in cross -section a fourth embodiment of a 
solar cell manufactured according to the invented method, 
35 Fig. 12 shows in exploded view a schematic 

representation of a method for manufacturing a fifth 
embodiment of a solar cell, and 
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Fig. 13 shows in exploded view a schematic 
representation of a method for manufacturing a sixth 
embodiment of a solar cell . 

Corresponding components are designated in the figures 
5 with the same reference numerals. 

Pig. 1(a) shows in top view a flexible substrate 1 of a 
transparent plastic, provided with a transparent 
electrically conductive layer, and a layer 2 of active 
material deposited on this substrate, for instance titanium 

10 dioxide (TiO : ) , provided with an organic dye-sensitizer . 

Placed on substrate 1 around the layer of active material 2 
is a passe-partout 3 (Fig. 1(b)) of a hot -melting foil, for 
instance a polymer marketed under the brand name Surlyn® by 
Du Pont (Fig. 1 (c) ) . 

15 Over substrate 1 and passe-partout 3, shown in cross- 

section in Fig. 2(a) along line Ila-IIa of Fig. 1(c), a 
second electrically conductive layer 4 (Fig. 2(b)) is 
arranged (Fig. 2 (c) ) . In a solar cell with a flexible 
transparent substrate l this second layer 4 can be a 

2 0 conductor deposited on a transparent, rigid or flexible 

layer or consist of a rigid or flexible layer of conductive 
material . 

In a first sealing step the assembly of substrate 1 and 
second conductive layer 4 are partially connected to each 
2 5 other by heating a few edges of passe-partout 3 under 

pressure with a thermode 5 (Fig. 3(a)), wherein edges 3' of 
melted adhesive material form a liquid-tight adhesion of 
. substrate 1 and conductive layer 4 . 

In a subsequent step (Fig. 4, shown in top view) the 
30 cell is filled with electrolytic liquid (represented by 
arrow 6) via an opening between substrate 1 and layer 4 
along an as yet unglued edge 3 of the passe-partout, 
whereafter the remaining edge 3 is heated under pressure 
with the thermode so that a completely liquid-tight cell is 
35 obtained. 

• Fig. 5 shows a ribbon-like flexible substrate 1 of a 
transparent plastic provided with a transparent electrically 
conductive layer and regions 2 of active material deposited 
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on this substrate. A passe-partout 3, 3' of a hot-melting 
foil is arranged on substrate 1 around the regions of active 
material 2, and over substrate 1 and passe-partout 3, 3' is 
deposited a flexible ribbon-like foil which is provided on 
5 the side directed toward the substrate with an electrically 
conductive layer. Passe-partout 3, 3 1 takes the form of a 
ladder, the "posts" 3 1 of which have been heated under 
pressure with a thermode and now form a liquid- tight 
adhesion between substrate 1 and the ribbon-like foil 

10 arranged thereon, and the "rungs" 3 of which have not yet 
been heated. Substrate 1 and the foil connected thereto by 
posts 3 ! of the passe-partout thus form an elongate channel 
which can be filled via an opening with an electrolytic 
liquid (indicated by arrow 6) , wherein air can easily escape 

15 via the other opening (indicated by arrow 7) . After the 

complete channel has thus been filled with electrolyte, the 
respective solar cells are closed by successively heating 
"rungs" 3 of the ladder-like passe-partout under pressure 
with a thermode. 

20 Fig. 6 shows a thermode 5 placed on a layered structure 

8 of a substrate with solar cells for sealing these cells. 
Thermode 5 substantially comprises a metal strip with a flat 
underside 9 and a longitudinal groove 10 dividing the strip 
into parts 5', 5", which form an electrical series 

25 connection for a heating current I. Sealing of a solar cell 
in layered structure 8 takes place by pressing thermode 5 
with a predetermined force F onto structure 8 and heating 
thermode 5 to a temperature which is sufficiently high to 
cause melting of the thermoplastic material between the 

30 layers of structure 8. For this purpose the heating current 
I is controlled in precise manner in a per se known control 
using the voltage over a thermocouple 11 placed close to the 
flat underside 9. 

Fig. 7 shows the temperature T (curve a) and the 

35 pressing force F (curve b) of the thermode 5 shown in Fig. 6 
as -a function of the time t (all in arbitrary units a.u.) 
during sealing of the solar cell. It is clear from the 
figure that in a method according to the invention, 
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otherwise • than in the prior art, sealing of a solar cell 
takes place under locally sharply defined conditions for 
pressure and temperature. 

Fig. 8 shows the layered structure of a solar cell 12 
5 which is substantially built up of a foil 13 of a 

transparent polymer on which on a transparent electrically 
conductive layer 24 is deposited a layer of titanium dioxide 
14, a layer 15 of a suitable dye-sensitizer , a lithium 
iodide solution 16 and a flexible polymer 17 on which a 

10 layer 18 of a transparent conductive oxide (TCO) is 

deposited. The figure further shows a layer 19 (not shown to 
scale) of a catalyst for the conversion of neutral I in the 
lithium iodide solution to I" by accepting an electron from 
counter-electrode 18. In this solar cell 12 light (indicated 

15 by arrows designated hv, wherein h represents Planck's 
constant and v the frequency of the incident light) is 
incident on dye. layer 15 via transparent substrate 13 and 
layer 14 of titanium dioxide. 

Fig. 9 shows an alternative embodiment of a solar cell 

20 20 of the solar cell shown in Fig. 8, wherein the counter- 
electrode is formed by a thin metal foil 27. 

Fig. 10 shows the layered structure of a solar cell 22 
which is substantially built up of a titanium foil 23, a 
porous layer of nanocrystalline titanium dioxide 14, a layer 

25 15 of a suitable dye-sensitizer, a lithium iodide solution 
16 and a glass substrate 21 on which a layer 18 of a 
transparent conductive oxide (TCO) is deposited. Layer 15 is 
shown in greatly simplified manner. In reality the dye- 
sensitizer is applied in a solution to semiconductor layer 

30 14 and penetrates into the pores thereof, so that the dye 
covers the whole semiconductor surface. The layer of 
titanium . dioxide 14 is formed in accordance with a per se 
known method by sintering a dispersion of colloidal 
particles of titanium dioxide onto titanium foil 23, wherein 

35 between sintered titanium dioxide 14 and titanium foil 23 a 
layer of titanium dioxide 28 results which protects the 
underlying layer 23 against the corrosive action of the 
lithium iodide 16. The figure further shows a layer 19. (not 



WO 99/66519 



PCT/NL99/00370 



12 

shown to scale) of a catalyst, for instance carbon, for the 
conversion of neutral I in the lithium iodide solution to I" 
by accepting an electron from counter-electrode 18. In this 
solar cell 22 light (indicated by arrows designated hv , 
5 wherein h represents Planck's constant and v the frequency 
of the incident light) is incident on dye layer 15 via the 
counter-electrode assembly 21, 18, 19 and lithium iodide 
solution 16 . 

Fig. 11 shows an embodiment of a solar cell 25 as 

10 alternative to the solar cell shown in Fig. 10, wherein 

counter-electrode 18 is deposited on a flexible transparent 
foil 26 of polyethylene terephthalate (PET) whereby a 
flexible and very thin solar cell is obtained. 

Fig. 12 illustrates a method of making an embodiment of 

15 a solar cell 29 as alternative to the solar cell shown in 
Fig. 9, wherein on a transparent plastic substrate 13 
provided with a transparent conductive layer 24 are 
deposited regions of nanocrystalline titanium dioxide 14 on 
which a layer of a high-viscous electrolytic liquid 16 is 

20 arranged. Laid on substrate 13 round layers 14, 16 is a 
passe-partout 3 of a hot -melting polymer, on which a 
titanium foil 27 provided with a catalyst layer 19 is then 
placed, whereafter the cell is sealed using a thermode 5, 
the active surface of which corresponds with the form of 

25 passe-partout 3. 

Fig. 13 illustrates a method of making another 
embodiment of a solar cell 31 as alternative to the solar 
cell shown in Fig. 11, wherein regions of nanocrystalline 
titanium dioxide 14 which are saturated with a high-viscous 

30 electrolytic liquid 16 are deposited on a substrate 23 of 
titanium foil. Laid on titanium foil 23 round layers 2, 16 
is a passe-partout 3 of a hot-melting polymer, on which is 
then placed a transparent plastic foil 26 provided with a 
transparent catalyst layer 19 and a transparent conductive 

35 layer 18, whereafter the cell is sealed using a thermode 5, 
the" active surface of which corresponds with the form of 
passe-partout 3. 
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CLAIMS 

1. Method for manufacturing a photovoltaic element 
comprising a layered structure (12, 20, 22, 25) of at least 
a first electrically conductive layer (24, 23) , a layer of 
crystalline metal oxide semiconductor material (2, 14) 
5 deposited on the first electrically conductive layer (24, 
23), a second electrically conductive layer (18, 27) and an 
electrolytic liquid (16) contained between the layer of 
semiconductor material (2, 14) and the second electrically 
conductive layer (18, 27), wherein at least one of the 
10 electrically conductive layers (24, 23, 18, 27) is 

transparent and is deposited on a transparent substrate (21, 
26, 13), which method comprises the steps of 

(i) providing a layer of crystalline metal oxide 
semiconductor material (2, 14) deposited on a first 

15 electrically conductive layer (24, 23) and providing a 
second electrically conductive layer (18, 27), 

(ii) arranging on the first conductive layer (24, 23) 

« or second conductive layer (18, 27) a thermoplastic adhesive 
material (3) in a form such that this provides an edge zone 

2 0 bounding the deposited layer of semiconductor material (14) 
in peripheral direction, and 

(iii) arranging the second (18, 27) respectively the 
first (24) electrically conductive layer over said edge 
zone, wherein the adhesive material (3) on this edge zone 

25 and the layer of semiconductor material (14) bounded thereby 
are received between the first (24) and the second (18, 27) 
electrically conductive layer, characterized by the 
successive steps of 

. (iv) locally heating at least a first part of the edge 

30 zone and simultaneously exerting pressure locally on the 
surface of this first part to cause the adhesive (3) to 
adhere there to the first (24, 23) and second (18, 27) 
conductive layer in order to form a space partially bounded 
by the layer of semiconductor material (14) , the first part 
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of the edge zone (3 f ) and the second electrically conductive 
layer (18, 27) , 

(v) introducing an electrolytic liquid (16) into the 
partially bounded space in a quantity such that the second 

5 electrically conductive layer (18, 27) is spatially 
separated by this liquid (16) from the layer of 
semiconductor material (14) , and 

(vi) locally heating the remaining part of the edge 
zone not yet heated in the fourth step (iv) and 

10 simultaneously exerting pressure locally on the surface of 
this remaining part to cause the adhesive (3) to adhere 
there to the first (24, 23) and second (18, 27) conductive 
layer and to enclose the liquid (16) in a space which is 
wholly bounded by the layer of semiconductor material (14) , 

15 the edge zone (3') and the second electrically conductive 
layer (18, 27) . 

2. Method as claimed in claim 1, characterized in that 
the fifth step (v) and the sixth step (vi) are performed 
simultaneously . 

20 3 . Method for manufacturing a photovoltaic element 

comprising a layered structure (29) of at least a first 
electrically conductive layer (24) , a layer of crystalline 
metal oxide semiconductor material (14) deposited on the 
first electrically conductive layer (24) , a second 

25 electrically conductive layer (2 7) and an electrolytic 
medium (16) contained between the layer of semiconductor 
material (14) and the second electrically conductive layer 
(27) , wherein at least one of the electrically conductive 
layers (24) is transparent and is deposited on a transparent 

30 substrate (13) , which method comprises the steps of 

(i) providing a layer of crystalline metal oxide 
semiconductor material (14) deposited on a first 
electrically conductive layer (24) , on which layer of 
semiconductor material (14) a layer of an electrolytic 

35 medium (16) is arranged, and providing a second electrically 
conductive layer (27) , 

(ii) arranging on the first conductive layer (24) or 
second conductive layer (27) a thermoplastic adhesive 



WO 99/66519 



PCT/NL99/00370 



15 

material (3) in a form such that this provides an edge zone 
which bounds in peripheral direction the deposited layer of 
semiconductor material (14) and the electrolytic medium (16) 
arranged thereon, and 
5 (iii) arranging the second (2 7) respectively the first 

(24) electrically conductive layer over said edge zone, 
wherein the adhesive material (3) on this edge zone and the 
layer of semiconductor material (14) bounded thereby and the 
electrolytic medium (16) arranged thereon are received 

10 between the first (24) and the second (27) electrically 
conductive layer, characterized by the step of 

(iv) locally heating the edge zone and simultaneously 
exerting pressure locally on the surface of this edge zone 
to cause the adhesive (3) to adhere there to the first (24) 

15 and second (27) conductive layer for enclosing the 

electrolytic medium (16) in a space which is wholly bounded 
by the layer of semiconductor material (14) , the edge zone 
(3) and the second electrically conductive layer (2 7) . 
4. Method for manufacturing a photovoltaic element 

20 comprising a layered structure (31) of at least a first 

electrically conductive layer (23) , a layer of crystalline 
metal oxide semiconductor material (14) deposited on the 
first electrically conductive layer (23), a second 
electrically conductive layer (18) and an electrolytic 

25 medium (16) received in the layer of semiconductor material 
(14) , wherein at least one of the electrically conductive 
layers (18) is transparent and is deposited on a transparent 
substrate (26) , which method comprises the steps of 

(i) providing a layer of crystalline metal oxide 

30 semiconductor material (14) deposited on a first 

electrically conductive layer (23) , in which layer of 
semiconductor material (14) an electrolytic medium (16) is 
received, and providing a second electrically conductive 
layer (18) , 

35 (ii) arranging on the first conductive layer (23) or 

second conductive layer (18) a thermoplastic adhesive 
material (3) in a form such that this provides an edge zone 
which bounds in peripheral direction the deposited layer of 
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semiconductor material (14) and the electrolytic medium 
received therein, and 

(iii) arranging the second (18) respectively the first 
(23) electrically conductive, layer over said edge zone, 
5 wherein the adhesive material (3) on this edge zone and the 
layer of semiconductor material (14) bounded thereby and the 
electrolytic medium received therein are received between 
the first (23) and the second (18) electrically conductive 
layer, characterized by the step of 

10 (iv) heating the edge zone locally and simultaneously 

exerting pressure locally on the surface of this edge zone 
to cause the adhesive (3) to adhere there to the first (23) 
and second (18) conductive layer for enclosing the layer of 
semiconductor material (14) and the electrolytic medium (16) 

15 received therein in a space which is wholly bounded by the 
first electrically conductive layer, the edge zone (3) and 
the second electrically conductive layer (18) . 

5. Method as claimed in any of the foregoing claims, 
characterized in that the thermoplastic adhesive material 

2 0 (3) for applying in the second step (ii) is a foil of a 

thermoplastic polymer material in a form corresponding with 
that of the edge zone. 

6. Method as claimed in any of the foregoing claims, 
characterized in that the local heating in the fourth (iv) 

25 respectively the sixth (vi) step is performed using a 
stamping device provided with a temperature control. 

7. Photovoltaic element manufactured according to a 
method as claimed in any of the claims 1-6, wherein the at 
least one transparent electrically conductive layer (18) is 

3 0 deposited on a foil of transparent plastic material (17) . 

8 . Photovoltaic element manufactured according to a 
method as claimed in any of the claims 1-6, wherein the at 
least one transparent electrically conductive layer is 
deposited on a glass substrate. 

35 9. Photovoltaic element manufactured according to a 

method as claimed in any of the claims 1-6, wherein the 
layer of semiconductor material (14) is deposited on a 
transparent substrate (13) and the second electrically 
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conductive layer is a metal layer (2 7) . 

10. Photovoltaic element manufactured according to a 
method as claimed in any of the claims 1-6, wherein the 
layer of semiconductor material (14) is deposited on a metal 

5 substrate (23) and the second electrically conductive layer 
(18) is transparent and is deposited on a transparent 
substrate (21, 26) . 

11. Photovoltaic element as claimed in claim 10, 
characterized in that the metal substrate (23) is 

10 substantially a zinc foil. 

12. Photovoltaic element as claimed in claim 10, 
characterized in that the metal substrate (23) is 
substantially a titanium foil. 

13. Photovoltaic element as claimed in any of the 
15 claims 10-12, characterized in that the transparent 

substrate comprises a foil of plastic material (26) . 
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